at which LTP is maximally expressed (Kirkwood et al.,
1995)
, and P30-P35, the age(s) at which the critical period for monocular deprivation is almost over. The effects of NGF-TrkA interaction were investigated by performing electrophysiological recordings combined with local delivery of substances through the recording pipette. Blockade of NGF was achieved by using a specific immunoadhesin, and inhibition of TrkA was obtained by using a neutralizing monoclonal antibody. (Cattaneo et al., 1999) . ␣TrkA tion (data not shown; PDC ϭ 0%, 4 fields). We also was derived from Balb/C mice immunized with Balb/C tested the ability of ␣TrkA to block the NGF-TrkA activa-3T3 cells expressing human TrkA receptor and was isotion. PC12 cells treated with NGF and ␣TrkA ( Figure 2E ; lated on the basis of its ability to inhibit the binding PDC ϭ 0%, 4 fields) did not differentiate. Moreover, of NGF to TrkA. The specificity of purified ␣TrkA was incubation of PC12 cells with ␣TrkA in the absence of confirmed by ELISA ( Figures 1C and 1D ): applying two NGF did not result in their differentiation (data not different concentrations of ␣TrkA (1, 5 g/ml) to plates shown; PDC ϭ 0%, 6 fields), proving that the antibody coated with two different concentrations of either TrkAdoes not have agonistic activity due to receptor crossIgG or TrkB-IgG (0.1, 1 g/ml). concentration, showed some very limited cross-reactivrats). In the presence of NGF (100 ng/ml) in the recording ity with BDNF ( Figure 1B) , we asked whether reappearpipette, potentiation was blocked ( Figure 4A) Figure 5A , we report 108% Ϯ 9.2%, after 50 min, mean fEPSP ϭ 91.4% Ϯ that locally delivered TrkB-IgG (1 g/ml) was not able 7.9%, n ϭ 10, 8 rats, p Յ 0.001). Figure 4B al., 1998; Pizzorusso et al., 1999). The possible involveindicate that the amplitude of LTD was not significantly ment of the cholinergic system in NGF dependence of different in control and NGF-(100 ng/ml) treated slices LTP was examined by performing experiments both at (40 min after LFS, mean fEPSP ϭ 66.3% Ϯ 3.7%, n ϭ P16-P18 and P30-P35. In particular, we made use of 11, 9 rats and 65.1% Ϯ 4.9%, n ϭ 6, 4 rats, respectively).
Results

Immunoadhesins and Antibody Characterization
acute and local delivery of the muscarinic receptors' In a previous paper (Sermasi et al., 1999a), it was agonist and antagonist. reported that it is possible to potentiate previously deBy using pharmacological tools, we found that blockpressed synapses at an early stage of postnatal devel- 7A , and 7B; after 50 min, mean fEPSP ϭ 10-fold higher than those found to be effective when 138% Ϯ 9%, n ϭ 7, 5 rats, p Յ 0.001). Particularly the same compounds were added to perfusion medium. interesting is that LTP could not be reinduced when
In an attempt to estimate the range of diffusion of atropine (100 M) was locally supplied together with substances coming out of the pipette tip, we made use TrkA-IgG (1 g/ml; Figures 6B, 7A, and 7B; after 50 min, of different biocytin concentrations locally supplied mean fEPSP ϭ 104% Ϯ 8%, n ϭ 8, 5 rats).
through the recording pipette. The lower molecular weight of biocytin presumably causes a faster diffusion Discussion as compared with proteins, such as NGF and immunoadhesins. However, this is probably compensated for In the present paper, we show that LTP expression, but by a less effective uptake due to the interaction of bionot other forms of synaptic plasticity, in rat visual cortex cytin with low-affinity amino acid receptors. The reduring postnatal development depends on the local level ported results show that at the lowest concentration of NGF. In addition, our results strongly suggest that used (which is still, at least, 100-fold higher than the NGF interacts with the cholinergic system in modulatconcentration of proteins/drugs employed in our experiing LTP. 
In a previous paper (Akaneya et al., 1997) dedicated to the role of neurotrophins in visual cortex synaptic synaptic plasticity is normally no longer expressed (P30-P35). In addition, we have demonstrated that this effect plasticity, it was reported that exogenously supplied NGF is not able to induce modifications of LTP elicited
is mediated by TrkA receptors; indeed, blockade of TrkA receptors, by neutralizing ␣TrkA, produces the same by stimulation of layer IV. Possible discrepancies could depend upon experimental differences; indeed, in that effect as endogenous NGF blockade, i.e., reinduction of LTP expression following tetanic stimulation. study, NGF was dissolved in the perfusion medium, while in our experiments it was locally supplied. In addiIt is well known that during postnatal development, visual cortical neurons are influenced by manipulations tion, stimulation of layer IV induces activation of a different type of intracortical circuitry with respect to stimulaof visual experience. A classic example is the loss of responsiveness to stimulation of an eye that has been tion of WM (Kirkwood and Bear, 1994 prior to recording for at least 1 hr in a recovery chamber containing diluted in PBS ϩ 2% BSA ϩ 10% FCS were added and incubated oxygenated ACSF solution, at room temperature. During electrofor 1 hr at room temperature. After six washes, IgG biotin-conjugated physiological recordings, slices were perfused at 4 ml/min by oxyanti-mouse and anti-chicken (1:500) were added and incubated for genated ACSF, at 33ЊC Ϯ 1ЊC. 1 hr at room temperature; then, plates were washed six times, and peroxidase-conjugated ABC kit (1:1000 in PBS) was added and incubated for 40 min at room temperature. After four washes, subElectrophysiological Recordings fEPSPs were evoked by a tungsten concentric bipolar stimulating strate solution (70 l/well) (3,3Ј, 5,5Ј-tetramethyl benzidine) was added, and optical density was read at 450 nm wavelength. electrode placed at the WM/layer VI border. The recording electrode was placed in layer II/III. HFS (three trains of 100 pulses at 100 Hz, To assess the specificity of ␣TrkA, plate wells were coated as previously described with different concentrations of TrkA-IgG and 10 s interval) was used to induce LTP, whereas LTD was evoked by LFS (900 pulses at 0.1 Hz). Exogenous NGF (Alomone Labs) and TrkB-IgG (100 ng/ml, 1 g/ml), and unreacted sites were blocked. After four washes with PBS, different concentrations (1 g/ml, 5
Den.NGF were administered at 100 ng/ml. To block the action of endogenous NGF, we used a neutralizing monoclonal antibody g/ml) of ␣TrkA in PBS ϩ 2% BSA ϩ 10% FCS were added. After 2 hr of incubation at room temperature, plates were washed with against TrkA receptor (␣TrkA, 5 g/ml) and immunoadhesins (TrkAIgG, 1 g/ml; TrkB-IgG, 1 g/ml). To check possible involvement of PBS ϩ 0.05% Tween 20 and PBS. Biotin-conjugated anti-mouse IgG preadsorbed to immunoadhesins for 2 hr at room temperature the cholinergic system, we employed the agonist and antagonist of muscarinic receptors, such as muscarine (100 M, RBI, St. Louis, was added (1:500 in PBS). After 1 hr of incubation at room temperature, plates were washed six times. The steps that followed were MO) and atropine (100 M, RBI), respectively. NGF, immunoadhesins, ␣TrkA, muscarine, and atropine were dissolved in 1 M NaCl as previously described.
Den.NGF (80ЊC for 10 min, 500 ng/ml) was tested for its ability solution and delivered through the recording pipette, starting 25-35 min before applying HFS or LFS protocols. As a general rule, we to bind ␣NGF and TrkA-IgG by two-site ELISA. Methodology of detection was as described above, but horseradish peroxidaseused a 10-fold higher concentration of drugs than that commonly employed in bath application experiments. conjugated ␣NGF (1:2000) was used. 
